Considering that the most important processes of biogeochemical cycles occur in the upper first centimetres of the soil, minor degrees of erosion may affect crop productivity, especially in the case of low input dryfarming production systems, which dominate the central coastal areas of Chile. The purpose of this study was to evaluate the effect of topsoil loss on wheat productivity in dryfarming areas with Mediterranean climates in Central Chile. The experiment was conducted on a Chilean Alfisol (Pencahue; 35°18`53``S and 71°53`40``W), and the topsoil of this soil was progressively removed from a depth of 2 to 18 cm (2, 6, 10, 14 and 18 cm). Once the plots (25 m 2 ) were prepared, winter wheat (Triticum aestivum L.; cultivar Pandora-INIA) was sown by applying the traditional techniques of the zone. A design was established on randomised blocks with six treatments and three replications. After one growing season, the results showed significant differences (p<0.05) in grain yield (kg ha -1 ) between the control treatment (T 0 ) and the treatment with 18 cm of soil removed (T 18 ) with productivity decreasing by 35%. Furthermore, most of the considered productivity parameters were negatively correlated with the depth of soil removed. The results highlighted the importance of topsoil fertility and depth in crop yield.
Introduction
Wheat (Triticum spp.) is one of the main crops in dryland areas worldwide. In Chile, approximately 70% of wheat crops are established in areas with an arid to subhumid Mediterranean climate, which has an important role in the rural economies of broad areas (Mellado, 2007) . Most wheat growing areas are established on granitic soils, mainly in the coastal mountain areas of Central Chile, and 63% of these soils are undergoing severe erosion processes (Pérez and González, 2001 ). Soil degradation is a consequence of decades of dryfarming slope cultivation of cereals and overgrazing. Thus, many areas of soil have lost their surface horizon and fertility, which has led to a dramatic drop in wheat productivity and has reduced the income of poor rural populations.
The intensive tillage of these fragile soils has triggered a process of degradation characterised by critical surface erosion, which degrades the upper horizons and affects the topsoil depth and properties, thereby, reducing their productive potential (Thompson et al., 1991; Izaurralde et al., 2006) . Nonetheless, intensive production practices conceal the immediate effects of soil degradation, which makes early symptoms imperceptible or undetectable by simple observation (Flörchinger et al., 2000; Malhi et al., 1994; Bakker et al., 2004; Fenton et al., 2005; Larney et al., 2009) . During the erosion process in cultivated soils, the depth of the Ap horizon decreases and clay content increases as a consequence of mixing with finer particles from lower horizons due to tillage. In addition to being rich in clays, this material has low levels of organic matter, and these characteristics are then transferred to the new upper horizon during erosion (Frye et al., 1982; Christensen and McElyea, 1988) . Furthermore, the loss of topsoil is followed by an increase in bulk density, structural deterioration and alteration of the total porosity with various suppressing effects on crop yield (Gollany et al., 1992; Malhi et al., 1994) .
The depth of topsoil has proven to be a significant parameter in determining soil quality and land productivity. However, changes in the properties of this horizon may produce unexpected crop responses because of a combination of indirect effects (Power et al., 1981; Mielke and Schepers, 1986; Christensen and McElyea, 1988; Larney et al., 1995) . Properties of the soil profile and interaction of different processes generate a complex system influencing crop behaviour.
Thus, it is not always possible to apply a simple and universal quantitative relationship to topsoil thickness and crop productivity (Gollany et al., 1992) . Some authors have established linear and nonlinear relationships between crop productivity and topsoil degradation, and they have suggested that not all soils behave similarly with respect to erosion processes (Hairston et al., 1988; Larney et al., 1995; Larney et al., 2000) .
The effect of soil loss may be explained with changes in the chemical and/or physical characteristics of the soil and by its interactions that impact crop production (Christensen and McElyea, 1988; Izaurralde et al., 2006; Thompson et al., 1991) .
One method commonly used to evaluate the effects of erosion on productivity is the removal of topsoil or "desurfacing". This technique simulates an erosive phenomenon, but the negative effects of this approach may be exaggerated because of the abruptness of the disturbance (Larney et al., 2000; Bakker et al., 2004) . 
Materials and methods

Characterisation of the study site
To determine the effect of topsoil removal on wheat productivity, a field trial was conducted during the Table 1 . The soil at the site is an Alfisol, which is classified Topsoil characteristics prior to desurfacing based on six subsamples randomly selected within each plot (Table 2) were determined by soil analysis using the methodologies described by Sadzawka et al. (2006) . Table 2 . Chemical properties of untreated topsoil (0-20 cm).
Properties Value
Total N (mg kg at a 0-20 cm depth after the soil was removed for all six treatments using methodologies previously described by Sadzawka et al. (2006) . At the time of physiological maturity, the wheat was harvested at ground level, and samples were collected from an area of one m 2 at the centre of each plot. A sample of 50 spikes was oven-dried at 70 °C for 48 h and then weighed. Dry weight was used to determine grain yield (kg ha -1 ), biomass yield (kg ha -1 ), 1000 grain weight (g), spikes (m -2 ) and grains per spike. Furthermore, a complete grain analysis was carried out using the methodologies described by Sadzawka et al. (2001) .
Experimental design and statistical analysis
The experimental design was based on randomised blocks with six treatments (five levels of soil removal plus a control without soil removal) with three replications. Analysis of variance was performed to determine if there was an effect of soil removal on the considered target variables. Comparison of means was performed according to Tukey's test using IBM SPSS v.18 software.
Results and discussion
The (Table 3) . These results differed from those obtained by Izaurralde et al. (2006) who demonstrated marked effects on total dry matter yield according to simulated erosion levels. Nevertheless, in areas with arid to subhumid Mediterranean climate, such as in the coastal mountains of Central Chile, the rainfall distribution showed a marked peak between May and August (Table 1) followed by a sharp decrease in spring, thus, limiting soil water availability during the grain filling period, and this climatic condition affected grain yield more than total biomass production. Relationship between topsoil loss and wheat yield as compared with T 0 . This result was similar to the 39% reduction obtained by Larney et al. (2000) for 15 cm of topsoil removal and 44% reduction obtained by Tanaka and Aase (1989) . These authors also observed a decrease in grain nitrogen content, which differed from the results obtained by Izaurralde et al. (2006) and those observed in this study where the amount of N increased by 18% in the wheat grain for T 18 as 
topsoil removal. Relationship between topsoil loss and wheat yield
As a consequence of topsoil removal, the reduction in grain yield associated with the effect observed for grain weight may be related to a water deficit during the reproductive period, and this impact was higher with more soil removal. The low fertility status and low water retention were magnified by the low organic matter content (Table 5 ). This is especially critical during the grain filling period, which occurs during a time of higher evapotranspiration demand and lower precipitation occurrence. On the basis of a series of studies, Den Biggelaar et al. (2001) determined that the yield decline in eroded plots in dry years is more significant than in years with abundant rainfall. Table 5 . Soil analysis for treatments after topsoil removal. (Larney et al., 2000; Izaurralde et al., 2006) .
As shown in Table 5 , the soil analysis after topsoil removal showed that the remaining horizon had lower contents of organic matter and micronutrients, such as Mn, Zn and B, as compared with the original soil.
These results revealed the preliminary effects of topsoil loss associated with the exposure of the lower horizons. Thus, the impacts of topsoil loss will be even more severe in degraded dryland soils because the upper horizons have already been severely diminished and few fertile materials rise towards the surface.
Both of these factors are directly related to the effects of soil erosion (Frye et al., 1982; Larney et al., 1995) .
Organic matter content is one of the properties mainly affected by erosion because the concentration of organic carbon is consistently higher in the first 15 cm of the soil profile (Bauer and Black, 1994) . The reduction in organic matter due to topsoil removal and its impact on crop productivity has been documented in other studies (Malhi et al., 1994; Gollany et al., 1992; Izaurralde et al., 2006; Oyedele and Aina, 2006) . In terms of soil productivity, Bauer and Black (1994) , which would have a direct impact on crop productivity.
For organic matter and clay percentages, the differences observed were even greater at a depth below 14 cm. The topsoil removal in these treatments (T 14 -T 18 ) resulted in an average decrease in organic matter (36%) and an increase in clay (19%). Consistent with data obtained by Gollany et al., (1992) , the increment in clay content in T 18 can be explained by the exposure of the Bw 1 horizon of the original pedon. In turn, the increase in the clay fraction may be associated with the higher concentrations of Ca 2+ and Mg 2+ ions in the soil, which may explain the increase of these exchange bases deeper within the profile. Despite that topsoil loss due to water erosion is imperceptible each year and is not a uniform phenomenon, the result of this study demonstrated that the low crop productivity in the study area is due to hundreds of years of soil degradation.
Conclusions
In this study, the wheat grain yield had a propor- 
